MAY 21 1947 




ACK Fet). 19^5 




NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 



THE KEDQCTION OF HOHUSEBUL PEESSUEE LOSSES ON 
AIE-COOLED MGIHE CyUNDEKS BY MEAHS OF 
IMPEOVED FIHIJING AKD BAPFLENG 
By M. J. Brevoort, U, T, Joyner, and George P. Wood 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 



NAC A WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassliied. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 




Advance Confidential Eeport 



/,4-.4. / 



HACA 




WASHINGTON 



L - 686 




-ill? 01^6720 




TBI BZDUCTIOK 07 HOHUSITUL FS588DEX L0881S OB 
■ JklK-rCpOLSS XFaiHB CTLXVDSaS BT MZAB8 07 
INPBOTBD 7IBHJBa AHD BiTILIIO 
B7 N. J. Brevoort , U. I. Jdyner , and Oeorge P. Vood 



A detailed analysis of the presstire drop that la re- 
quired to cool a t7pioall7 "baffled radial engine shows 
that a total pressure drop of 58 pounds per sq.uare foot 
1b necessary at sea level and 113 pounds per square foot 
1b required at an altitude of 40j000 feet (assumlne that 
the engine develops the same horsepower at hoth altitudes). 
A breakdown of these required pressure drops Is given In 
the following tablp as percent of available pressure drop: 



Sea 
level 

(percent ) 



40,000 
feet 

(percent ) 



Useful frlotlonal pressure, drop ...» 
Pressure drop due to Increased momentum 

of air ...-..«,. 

Pressure drop at haffle exit 




15.8 

32.2 
42.6 



Percent of available drop required for 
cooling 



27,6 



90.6 



The fact, that so large a percentage of the required 
preeaure drop conslBts of a nonuseful pressure lose (76 
percent at sea level and 83 percent .at 40,000 feet) Is a 
condition that mprlts attention* Means are proposed for 
reducing ' this nonuseful pressure loss, Bote that at an 
altitude slightly In excess- of 40,000 feet, conditions he- 
come critical and the elimination of nonuseful pressure 
losses becomes of vital importance. 

The three principal causes of pressure loss on an 
air— cooled cylinder as listed on page 1 are defined as 

1. Ap£ pressure loss due to friction (beneficial) 

2. APjQ pressure loss due to increase in momentum as 

air passes between 'the f-ins * 3(qa — q]^) 
(nonbenef loial) 
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3. AP^ preBsure lose at exit from f Ibb ■ Kq^ (non- 
"benef lelal)* The poeltloB* at vhleh qj 
and qg are taken are ehovn 1>elov. 




Baffle exit 



The arrangement for flow In pipes vhlch 1b analogous 
to flow through a conventional "baffle and finning combina- 
tion 1b Bhown here. 



-r 



L 



Baffle exit 



An eff.lol«noy factor 1 may he defined ^b the ratio 
of heDeflctftl pressure loss t-o total pressure -1 ess , as 
follows : 



X = 



APf + APa, + APg APf + (2+K) %s - Sqi 



E has. 'been determined from tests (reference l) to he 
approximately 0.7 for model cylinders. 

Because the pressure drop availahle at high altitudes 
Is nov a limiting factor on the meximum altitude at which 
a particular engine may operate satisfactorily, any me-ans 
of Increasing the pressure loss efficiency 15 will effee- 
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tlTel7 Inoxeaae the pressxire drop aTalla1>le for cooling 
and permit operation at a higher ■ altitude . 

In order to ahow yhat gains are 'poaslble ov^r an 
exietlng- engine' typie. ealouTatlons of th» pr^ eaur*- drop 
required for ooollng euch a t7pe at aea level and 40,000 
feet altitude aire given In table !• 



M. iVsee 
Ix. iWfta 
qa. ID/ft" . . 
Hs^. ID/ft" ^* J 

APf, lb/ft" 
AP^, iWfta 
APg, lb/ft" 



total 



(a) 



are 



XASLX I 



Sea level 



32.47 
43. d6 
48.89 
2346,12 

13,93 
9.86 
34,23 



40,000 feet 



18.96 
65.61 
75,44 
487.12 

19.64 
39.86 
62,80 



112.30 



68.01 

Hg^ — static pressure at position 1 In fin. 

The pressure loss efficiencies at these two altitudes 

13.93 



sea level 



13.93 -t- 9,86 + 34.22- 



24 percent 



^40,000 ft 



19.64 



19.64 + 39.86 + 52.80 



a 17 percent 



There are at least three ways of increasing this effi- 
ciency: 

1.- The obvious solution of adding enough surface area 
so that, the velocities required to cool, and hence q^ and 
qg^ a-ra very small and the nonbenef icial pressure loBses 
becofflo negligible. This solution is being extended as fast 
as manufacturing technique will permit. 



2. By Increasing the width of the fins gradually to- 
ward the rear of the cylinder as shown by analogy below. 
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This solution- would allow the air to expand to lover 
pressure without speeding up in passing through the fins, 
so that, If properly deno , <ls * <li 



^1 



12 



I 



IT 



L. 



I 

V 



3, By Improving exit conditions so that the factor 
E will "be lower than 0.7. See analogy helow. 



^1 
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If both of these solutions are incorporated, the 
following analogy applies 



^1 

I 



^3 



I 

V 



I 
I 

-T" 



"By incorporating solution 2 th ff iclencles may he 
revised to he 



IE = 



APf + Kill 
-13.. 93 



sea level' 



13.93 + 0.7(43.96) 



= 31 percent 



E 



40.000 ft 



19.T54 



19.64 + 0.7(55.51) 



= 33 percent 



6 



If Bolutlon ti alone Is applied by reducing K from 
0,7 to 0.8, the efflolenoiee are Ifflproved to 



'eea level 



-13.93 



13.93 * 3,3(48.89) - 3(43.96) 



=» 36 percent 



'40,000 ft 



19.64 



19.64 * 3.3(75.44) - 8(66,5l) 



" 34 percent 



If solutions 3 and 3 are applied simultaneous I7, the 
•fficiences are 

■ ■ ■■ ■ ■ >i 51 percent 

sea level 13,93 + 0.3(43.96) 



^40.000 ft 



19.64 



19.64 + 0,3(56,51) 



« 64 percent 



The following ta\>le shows how many times the hene— 
flc-lal pressure loss ma/ he increased for a given total 
pressure loss "by successful application of solutions 3 
and 3 given above. 





Sea level 


40.000 feet 




1,00 


1.00 


With solution 3 enl7 , . . 


1,29 


1.73 


Vlth solution 3 only . . . 


1,50 


1.41 


Vlth solutions 3 and 3 . . 


3.13 


3.17 



The Improvement at sea level is important, but not 
vital, because sufficient pressure drop. is available for 
cooling. Howaver , at altitude the largpr Improvement pos- 
sible is of tremendous importance, because cooling pres- 
sure loss is now a limiting factor on maximum altitude'. 

It Is believed by the authors that these proposals 
should be Investigated on a full— scale engine mock— up. 
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